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(57) ABSTRACT

A method for converting a real signal into a complex signal in
quadrature, whose particularity consists of the fact that 1t
comprises the step that consists 1n adding to a real signal
meant to be converted 1nto a complex signal a signal whose
frequency 1s four times the band-center frequency of the
signal to be converted, in order to obtain a quadrature. The
method further comprises the steps of: after the adding step
from which a sum signal 1s obtained, selecting, from the sum
signal, a first component and a second component which are
in phase and 1n quadrature;

removing components below a given level from the first and
second components 1n phrase and 1n quadrature, in order to
obtain a first and a second signal component at DC zero level.

13 Claims, 3 Drawing Sheets
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METHOD FOR CONVERTING A REAL
SIGNAL INTO A COMPLEX SIGNAL

BACKGROUND OF THE INVENTION

The present invention relates to a method for converting a
real signal into a complex signal, so that the in-phase and
quadrature components are inherently in quadrature.

It 1s known that real/complex converters, also known as 1Q)
demodulators, used to convert a pass-band signal into a base-
band signal 1n order to allow 1ts subsequent digital process-
ing, and synchronous receivers, also known as ZERO-IF
receivers, use a conversion of a real signal into a complex
signal.

This process of conversion from pass-band to baseband 1s
achieved by multiplying the mput signal with a complex
carrier whose frequency 1s equal to the center frequency.

In this regard, FIG. 1 1llustrates the input signal, designated
by the reference numeral 1, which 1s mntroduced 1n multiplier
means 2 and 3 being designed to respectively multiply the
input signal 1 with a complex carrier whose frequency 1s
equal to the center frequency.

The reference numeral 4 designates an oscillator whose
frequency 1s equal to the center frequency and the reference
numerals 5 and 6 respectively designate the complex compo-
nent (sine) and the real component (cosine) of the carrier. The
input signal 1 1s then multiplied in the multiplier 2 with the
imaginary or complex component 5 of the carrier (sine com-
ponent) and, in the multiplier 3, with the real component 6 of
the carrier (cosine).

However, the generation of the real component (cosine)
and 1maginary component (sine) of the carrier, although con-

ceptually simple, raises great problems 1n terms of implemen-
tation.

In particular, 1t 1s almost impossible to achieve high preci-
s1on 1n the phase ratio, which should be 90 degrees.

In practice, errors of even one or two degrees are absolutely
common, when instead a good conversion should contain the
errors within a few millionths of a degree.

Phase errors 1n conversion produce important distortions of
the signal and/or of the information carried by the signal, as in
the case of FM modulation and ZERO-IF receivers.

SUMMARY OF THE INVENTION

The aim of the present invention 1s to provide a method for
converting a real signal into a complex signal so that the
in-phase and quadrature components are inherently in perfect
quadrature even 1n the presence of imprecisions in the con-
version signals.

Within the scope of this aim, an object of the present
invention 1s to provide a method for converting a real signal
into a complex signal which 1s highly reliable, relatively
simple to provide and at competitive costs.

This aim and other objects which will become better appar-
ent hereinafter are achueved by a method for converting a real
signal mto a complex signal iherently in quadrature, com-
prising the step of:

adding to a real signal designed to be converted into a
complex signal a signal whose frequency 1s four times the
band-center frequency of said signal to be converted, 1n order
to obtain an inherent quadrature.

These and other objects are also achieved by a device for
converting a real signal into a complex signal, characterized
in that 1t comprises first adder means which are suitable to add
a signal to be converted and a signal whose frequency 1s four
times the central frequency of said signal to be converted.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

Further characteristics and advantages of the invention will
become better apparent from the description of preferred but
not exclusive embodiments of the method according to the
invention, 1llustrated only by way of non-limitative example
in the accompanying drawings, wherein:

FIG. 1 1s a block diagram of a conventional method for
converting a real signal into a complex signal;

FIG. 2 1s a block diagram of a first embodiment of the
method for converting a real signal into a complex signal,
according to the present invention; and

FIG. 3 15 a block diagram of a second embodiment of the
method for converting a real signal into a complex signal,
according to the present mvention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

With reference to the figures, and mitially to FIG. 1, the
method according to the present mvention comprises a first
step 1n which a signal 1 (the signal to be converted 1 1s
designated by the same reference numeral used 1n FIG. 1) to
be converted 1s added, 1n adder means 6, to a signal whose
frequency 1s four times the band-center frequency of the
signal 1.

Thereference numeral 7 designates oscillator means which
are suitable to generate the signal whose frequency i1s four
times the band-center frequency of the signal to be converted
1. The main feature of the invention 1s indeed that an inherent
quadrature 1s obtained by adding a signal whose frequency 1s

four times the band-center frequency of the signal to be con-
verted.

At this point, the resulting sum signal, designated by the
reference numeral 9 (sum signal), 1s sent to selector means 8,
which alternately send the signal 9 for a period equal to twice
the band-center frequency of the signal to be converted 1 on a
branch I, while on the opposite branch Q there 1s a zero signal,
and for a period on the branch Q) (with the zero signal on the
branch I) with a frequency equal to twice the band-center
frequency of the signal to be converted 1.

The selection means 8 conveniently comprise a selector 10
and an oscillator 11 adapted to generate a square wave whose
frequency 1s twice the band-center frequency of the signal to
be converted 1.

The signal generated by the oscillator 11 1s only approxi-
mately 1n phase with the signal generated by the oscillator 7.

The signals input on the branches I and Q are then sent to
two threshold circuits, one for the branch I, designated by the

reference numeral 12, and one for the branch Q, designated by
the reference numeral 13.

The threshold circuits remove all the components below a
certain level and bring the signal to the DC zero level.

The signal components 1n output from the threshold cir-
cuits 12 and 13 are then sent to respective multiplier circuits
14 and 15, which multiply the signal by 1 and -1 at a fre-
quency equal to the center frequency of the signal to be
converted 1, generated by means of an oscillator 16.

The output signals are therefore the components I and Q of
the signal to be converted 1, 1n quadrature with each other.

It should be noted that the multipliers 14 and 15 differ from
the multipliers 2 and 3 shown 1n FIG. 1 1n that the multipliers
according to the mvention are multipliers which are suitable
to multiply with a square wave and not with sine and cosine
components as in the known method shown 1n FIG. 1.

Moreover, the phase of the square-wave signal generated
by the oscillator 16 1s only approximately equal to the phase
of the signal generated by the oscillator 7.
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The signal generated by the oscillator 7 1s a sinusoidal
signal whose frequency 1s, as mentioned, four times the band-
center frequency of the signal to be converted 1.

FIG. 3 illustrates a second embodiment of the method
according to the invention, wherein the selection means 8 are
provided so that the selector 10 of FIG. 2 1s now provided by
apair ol adders 18 and 19 1n which the signal 9 in output from
the adder means 6 receives the addition of a square-wave
signal generated by an oscillator 20 with a frequency which 1s
twice the frequency 3 of the signal to be converted 1.

The square-wave signal generated by the oscillator 20 1s
added, respectively in normal form and 1n mverted form, 1n
the adders 18 and 19.

The threshold circuits 12 and 13 arranged in cascade to the
selection means 8 furthermore remove part of the signal, as 1n
the block: diagram of FIG. 2, but the signals in output from the
adders 18 and 19 are first input to additional adders 21 and 22
in which a DC offset 23 1s added to the components of the
signal so as to avoid removing the DC component at the level
of the threshold circuits 12 and 13.

In practice, the method according to the invention allows to
generate the real and imaginary components of the signal to
be converted, so as to avoid the need to generate real and
imaginary components of the carrier with which the signal to
be converted 1s multiplied 1n conventional methods.

In this manner, the exact phase relation between the real
component and the imaginary component of the carrer,
which should be exactly 90 degrees, 1s no longer a problem,
and even variations from this 1deal phase relation do not entail
significant distortions of the signal and/or of the information
carried by the signal to be converted 1.

In practice 1t has been observed that the method according,
to the mvention fully achieves the mtended aim and object,
since 1t allows to convert a real signal into a complex signal
inherently 1n quadrature, without having to have signals with
phases 1n very specific relations to each other.

The method thus conceived i1s susceptible of numerous
modifications and variations, all of which are within the scope
of the inventive concept; all the details may turthermore be
replaced with other technically equivalent elements.

The disclosures 1n Italian Patent Application No.
MI2000A000636 from which this application claims priority
are incorporated herein by reference.

What 1s claimed 1s:

1. A method for converting a real signal into a complex
signal inherently 1n quadrature, comprising the step of:

starting from a real signal to be converted,

adding to said real signal, designed to be converted 1nto a

complex signal, a signal whose frequency is four times

the band-center frequency of said real signal to be con-
verted;

selecting, from said sum signal, a first component and a
second component which are 1n phase and 1n quadrature;

removing components below a given level from said first
and second components 1n phase and 1n quadrature, 1n
order to obtain a first and a second signal component at
DC zero level, said removing step being performed by
threshold circuits;

multiplying said DC zero level components respectively by
1 and -1, with a frequency equal to the center frequency
of said signal to be converted 1n input, obtaiming a com-
plex signal with an inherent quadrature,

wherein said selection step 1s performed by selection
means, which send signals to said threshold circuits with
a frequency which 1s twice said band-center frequency
of the signal to be converted.

2. The method according to claim 1, wherein said selection

means comprise at least one selector and an oscillator adapted
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to generate a square-wave signal whose frequency 1s equal to
twice the band-center frequency of said signal to be con-
verted.

3. The method according to claim 2, wherein the square-
wave signal generated by said oscillator included 1n said
selector 1s only approximately in phase with said signal
whose frequency 1s four times said center frequency of the
signal to be converted

4. The method according to claim 3, wherein a multiplier 1s
adapted to multiply said phase and quadrature components by
a square-wave signal whose frequency 1s equal to said center
frequency of the signal to be converted.

5. The method according to claim 4, wherein said square-
wave signal generated by said oscillator 1s sent to said mul-
tiplier and 1s only approximately in phase with said signal
whose frequency 1s four times said center frequency of the
signal to be converted.

6. The method according to claim 1, wherein said selection
means comprise two adders adapted to add said sum signal to
square-wave signals which are respectively normal and
inverted.

7. The method according to claim 6, wherein said selection
means further comprise an additional pair of selectors
adapted to add a DC offset to said signals 1n output from said
pair of adders whereto said oscillator sends said square-wave
signal whose frequency 1s twice said center frequency.

8. A device for converting a real signal into a complex
signal, comprising a first adder adapted to add a signal to be
converted and a signal whose frequency 1s four times the
center frequency of said real signal to be converted, and
further comprising:

a selector adapted to select in-phase and quadrature com-

ponents obtained from a sum signal which 1s provided in
output by said first adder;

threshold means adapted to remove components below a
given threshold from said in-phase and quadrature com-
ponents; and

a multiplier adapted to multiply by +1 and -1 output sig-
nals from said threshold means.

9. The device according to claim 8, comprising an oscilla-
tor adapted to generate said signal whose frequency 1s four
times said central frequency.

10. The device according to claim 8, comprising an addi-
tional oscillator adapted to generate a square-wave signal
whose frequency 1s twice the frequency of said center fre-
quency, said additional oscillator sending said square-wave
signal to a selector which recerves said sum signal from said

first adder.

11. The device according to claim 9, comprising an oscil-
lator adapted to generate a square-wave signal whose Ire-
quency 1s equal to said center frequency of said signal to be
converted, said square-wave signal being sent into said mul-
tiplier for multiplication with said in phase and quadrature
components.

12. The device according to claim 8, wherein said selector
comprises a first pair of adders adapted to add to said sum
signal a normal and inverted signal whose Ifrequency 1s
respectively twice said center frequency of said signal to be
converted.

13. The device according to claim 12, wherein said selector
comprises a second pair of adders adapted to add a DC offset
to the signals 1n output from said first pair of adders.
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